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WAVES  IN  SOIL  DURING  A  SURFACE  BLAST 
AND  THEIR  INTERACTION  WITH  OBSTACLES 


G.  M.  Lyakhov  and  R.  I.  Dubova 

Proposed  in  [1]  were  some  of  the  results  of  experimental  in¬ 
vestigations  of  waves  in  soil  during  a  surface  blast  when  the 
center  of  the  concentrated  explosive  charge  coincides  with  the 
surface  of  the  soil.  Given  below  are  the  results  of  the  experi¬ 
ments  completed  during  the  process  of  this  work.  A  comparison  of 
the  waves  was  made  during  camouflet  and  surface  blasts.  The  re¬ 
flection  of  the  wave  against  stationary  obstacles  was  examined. 

Conditions  for  conducting  the  experiments 

The  experiments  were  conducted  in  a  sandy  soil  with  a  disturbed 

structure  {fill  sand)  and  the  soil  skeleton  having  a  volume  weight 

3 

of  y  =  1- 45-1. 50  g/cm  and  moisture  by  weight  W  *  3-6%.  The  grain- 
size  distribution  of  the  sand:  particles  with  a  diameter  greater 
than  0  5  mm  comprise  30-40%,  diameters  of  0.5-0.25  mm  -  30-40%, 
diameters  of  0.25-0.1  mm  —  15-20%  and  less  than  0.1  mm  —  3-8%. 

The  waves  were  produced  during  blasts  of  concentrated  charges 
of  molded  TNT  with  a  weight  of  0.2;  0.4;  0.8;  and  1.6  kg. 

The  parameters  of  the  waves  were  recorded  with  the  aid  of  high- 
quality  strain  gage  sensors  whose  readings  were  taken  on  a  loop 
oscillograph. 
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The  sensors  were  placed  in  the  soil  under  the  charge  on  an  axis 
perpendicular  to  the  surface  of  the  soil,  which  we  will  designate 
as  the  axis  of  the  blast,  and  along  the  radii  whose  angle  between 
them  and  the  axis  is  30,  k5  and  60° . 

Let  us  designate  R°  as  the  relative  distance 

R*=RlV~?  (1) 

where  R  -  distance  from  the  center  of  the  blast,  m;  C  -  weight  of 
the  explosive  charge,  kg. 

At  each  given  distance  from  the  blast  two  sensors  are  placed. 
The  sensing  element  of  on  of  the  sensors  was  oriented  along  the 
normal,  and  the  other  one  -  parallel  to  the  direction  of  the  wave 
movement.  In  the  first  case  the  radial  (normal)  p  =  pr(t)  was  re¬ 
corded,  and  in  the  second  case  —  the  later  p^  =  PT(t)  pressure 
(t  -  time) . 

The  measurements  were  made  within  the  range  of  relative  dis¬ 
tances 


<^33<#?#<1*5  y  g (  2  ) 

In  addition,  the  measurements  were  made  in  the  surface  zone. 

At  each  given  distance  from  the  blast,  three  sensors  were  placed. 
The  sensing  element  of  one  of  them  was  set  perpendicular  to  the 
surface  of  the  soil,  the  second  one  facing  the  axis  of  the  blast, 
and  the  third  —  perpendicular  to  the  first  two.  The  sensors  re¬ 
corded  the  three  component  directions  which  can  act  as  the  three 
faces  of  the  obstacle  having  the  form  of  a  parallelepiped. 

During  the  determination  by  oscillograms  of  the  build-up  pres¬ 
sure  time  t,  pressure  action  time  0  and  the  impulse  of  the  wave, 
the  time  intervals  were  calculated  at  pressure  values  which  com¬ 
prised  no  less  them  0.05  of  the  maximum  value. 
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For  a  comparison  of  the  waves  which  form  during  surface  and 
eamouflet  blasts,  experiments  with  buried  charges  were  conducted 
in  the  same  soil.  The  sensors  in  this  case  were  placed  at  one 
depth  with  the  explosive  charge,  and  the  normal  and  lateral  pres¬ 
sures  were  measured. 

Investigation  of  the  parameters  of  the  compression  waves  in  the 
soi  1 


Let  us  examine  the  relationship  p  *  p(t),  i.e.,  the  profile 
of  the  wave  during  a  eamouflet  and  surface  blast. 

The  oscillogram  shown  in  Fig.  la  is  a  recording  of  the  pressure 
during  a  eamouflet  blast.  The  weight  of  the  charge  C  -  0.2  kg.  The 
first  half-line  —  is  the  time  marker  (period  of  oscillation  T  ■ 

=  0.002  s).  The  third  from  the  time  marker  -  the 
instant  of  the  blast.  The  second,  fourth  and  fifth  half-lines 
correspond  to  the  sensors  which  measured  the  normal  pressure  at 
distances  from  the  site  of  the  blast,  R  *  0.^7,  0.31  and  0.63  m. 

The  sixth  half-line  characterizes  the  lateral  pressure  when  R  = 

=  0.63  m. 

Fig.  la.  Oscillogram  of  a 
recording  of  the  pressure 
during  a  eamouflet  blast. 


GRAPHIC  NOT  REPRODUCIBLE 


From  the  oscillogram  it  is  obvious  that  when  R  <  0.^7  m  or 
R°  <  0.8  ug_1/^  the  blast  wave  has  a  pressure  jump  at  the  front, 
and  at  the  remaining  distances  the  pressure  build  up  proceeds 
gradually . 

Figure  lb  shows  an  oscillogram  recorded  during  a  surface  blast 
with  sensors  located  on  the  axis  under  the  charge.  The  weight  of 
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the  charge  C  ■  1.6  kg.  The  first  half-line  -  the  time  marker, 
and  the  third  records  the  instant  of  the  blast.  The  second  and 
sixth  half-lines  record  the  lateral  pressure  when  R  »  0.8  m,  the 
fourth  and  fifth  half-lines  —  the  normal  pressure  when  R  =  0.8 
and  0.4  m . 


Fig.  lb.  Oscillogram  of 
the  recording  of  the  pres¬ 
sure  during  a  surface 
blast. 

GRAPHIC  NOT  REPRODUCIBLE 

From  the  oscillogram  it  follows  that  the  wave  has  a  pressure 
Jump  at  the  front  only  when  R  <  0.4  m  or  R°  <  0.34  ng”^-/^  jr. 
this  way  the  wave  ceases  to  be  a  shock  wave  during  a  surface  blast 
at  smaller  relative  distances  than  during  a  camouflet  blast,  but 
approximately  at  the  same  pressure  values  which  fall  within  the 

p 

limits  of  4  to  6  kg/cm  . 

Let  us  designate  0  as  the  relative  time  of  the  pressure  action 

9*-  ©//"C  s  •  kg  -,/*  ( 3 ) 

The  conducted  experiments  indicate  that  0^  increases  with  an 
increase  in  the  distance  from  the  placement  of  the  charge  both 
during  camouflet  and  surface  blasts. 

The  relationship  of  0^  to  R°  in  the  investigated  range  of 
distances  in  the  first  approximation  can  be  taken  linearly  — 

■  0,"n+»Ri> 

(4) 


The  first  of  the  formulae  (4)  corresponds  to  the  camouflet, 
and  the  second  -  to  the  surface  blast.  In  the  second  case  the 
measurements  were  made  on  the  axis  of  the  blast. 


In  the  case  of  the  investigated  soil 

t^IS-10- 3  s  •kg-4'**  u«24*10-*  s  •**-*. 

During  a  surface  blast  0^  has  smaller  values  than  during  a 
camouflet  blast. 


Figure  2  shows  the  dependence  of  the  propagation  rates  of  the 


wave  front  D  and  the  maximum  pressure 


on 


Dm  during  a  camouflet  blast. 


w*. 


Fig.  2.  The  dependence 
of  the  propagation  rate 
of  the  wave  front  (cir¬ 
cles)  and  maximum  pres¬ 
sure  (triangles)  on  the 
relative  distance  during 
a  camouflet  blast . 


With  small  R°  the  values  of  D  and  Dm  coincide  since  the  wave 
is  a  shock  wave  and  the  build-up  time  of  the  pressure  is  equal  to 
zero. 


Within  this  range  a  drastic  reduction  in  D  takes  place  with  an 
increase  in  R°.  At  larger  distances  D  and  are  different,  and 
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the  drop  In  both  rates  with  an  increase  in  R°  is  insignificant. 

Figure  3  gives  the  dependence  of  D  and  D  on  R°.  which  corre- 

m 

sponds  to  the  surface  blast  and  to  the  measurement  made  on  the  axis 
under  the  charge. 


D,  m/s 


Fig.  3*  The  dependence  of  the 
propagation  rate  of  the  wave 
front  and  the  maximum  pressure 
on  the  relative  distance  during 
a  surface  blast. 


The  disintegration  of  the  pressure  jump  in  the  case  of  the 
surface  blast  occurs  with  smaller  R°  than  during  a  camouflet  blast, 
but  approximately  at  these  same  values  of  pressure. 

The  values  of  D  and  D  at  a  sufficient  distance  from  the  site 

m 

of  the  blast  in  both  cases  are  correspondingly  equal. 
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Let  us  examine  the  dependence  of  the  maximum  values  p  and 
PT  of  the  normal  and  lateral  pressures  on  the  distance  R°  during 
camouf let  blasts  which  are  shown  in  Pig.  4.  Curve  1  corresponds 
to  a  normal  pressure,  and  curve  2  —  to  a  lateral  pressure.  Curve 
3  was  taken  from  [23 •  It  indicates  the  normal  pressure  in  a  sandy 
soil  with  an  undisturbed  structure  having  y  =  1.52-1.60  g/cm3  and 
a  moisture  content  W  =  8-10$. 


Fig.  4.  The  dependence 
of  the  maximum  values 
of  the  normal  and  lat¬ 
eral  pressure  on  the 
relative  distance  dur¬ 
ing  a  camouf let  blast. 


From  the  graphs  presented  in  Fig.  4,  it  follows  that  in  a  soil 
with  a  disturbed  structure,  the  pressure  drop  with  distance  R° 
occurs  more  intensively  than  in  a  soil  in  the  natural  state. 

The  lateral  pressure  pT  within  the  entire  investigated  range  of 
distances  is  associated  with  pp  by  the  relationship 
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Px  -*rPr 


(5) 


The  coefficient  of  lateral  pressure  kT  lies  within  the  limits 
of  0.4  to  0.5. 


Thus,  the  normal  and  lateral  pressures  are  substantially  dif¬ 
ferent,  but  similar  in  the  fact  that  they  occur  in  solids. 


In  [2]  it  was  pointed  out  that  the  dependence  of  the  maximum 
value  of  normal  pressure  pr  on  R°  in  soils  during  a  camouflet  ex¬ 
plosion  can  be  represented  in  a  form  which  satisfies  the  principle 
of  similitude,  — 


(6) 


p 

here,  pr  -  kg/cm  ,  C  —  kg,  R  —  m. 

The  values  k1  and  y ^  depend  on'  the  properties  of  the  soil. 

If  y  =  1.52-1.60  g/cm^  and  W  »  8-lOfc,  then  *  7.5  and  y^  =  3. 
From  the  graphs  in  Fig.  4  it  follows  that  the  equation  (6)  also 
corresponds  to  the  pressure  Pr  in  the  investigated  soil;  in  this 
case  k.^  =  2.8  and  y ^  =  3.3. 

Figure  5  shows  the  relationship  of  the  normal  pressure  (curves 
1  and  3)  and  lateral  pressure  (curves  2  and  4)  on  R®,  produced 
during  a  surface  blast  and  the  location  of  the  sensors  on  the  axis 
(curve  1  and  2)  and  at  angle  <{>,  on  the  axis  equal  to  30°  (curves  3 
and  4 ) . 

From  a  comparison  of  the  graphs  it  follows  that  with  an  in¬ 
crease  in  angle  <J>  the  normal  and  lateral  pressures  are  lowered. 

The  dependence  of  the  maximum  value  of  normal  pressure  p  on 

0  r 
R  ,  which  corresponds  to  a  surface  blast  and  to  the  measurements 
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:  i 

Fig.  5.  ,  The  dependence  of  the  normal 
and  lateral  pressures  on  the  , relative 
distance  during  a  surface _ blast . 
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on  the  axis  under  the  charge  (graph  1  ip  Fig.' 5),  can  be  presented 
in  the  form  1 


where  just  as  during  a  camouflet  blast,  k1  .=  2.8,,and  =  3.3. 

■  '  1 

The  maximum  value  of  the  lateral  pressure  in  this  case:  is 
determined  by  the  formula  1  1 

r  I  1 

t  * 

Px  ~kxPr,  (6,4<*t<0,5).'  (  8)' 

* 

,  I 

I 

The  results  of  measuring  the  pressure  along  the  radii  wiich  . 

i  1  . 

consist  of  angle  with  the  axis  of  the  blast,  indicate  that  when 
<J>  <  *J5°  in  the  first  approximation  one  can  take 

•  X 

><■(?)  =.M0)COS?, 

P-.  (9) 

1  ’  » 


I 


! 


I 


With  an  increase  in  <£  within  this  range,  the  normal  and  lateral 
^pressures  are  reduced.  In  the  surface  zone  an  opposing  relation¬ 
ship  occurs  —  with  proximity  to  the  surface  the  pressure  increases . 


i 

Prom  the  .results  of  the  experiments  it  follows  that  the  blast 
wave  impulse  I  in  thp  soil  during  a  surface  has  smaller  values  than 
during  a  capouflet  blast.:  Dependence  I  on  the  distance  R  and  the 
weight  of  the  charge  C  can  be  presented  in  the  form  proposed  in 
[2],  -  j  * 


/=*,  M),3C 


(10) 


_p 

Here,  I  kg*s*cm  .  i 

.  ' 

I 

The  first  of  the  formulae  (10)  corresponds  to  a  camouflet  blast, 
and  the  seconcf  -  to  a  surface  .blast .  In  the  second  case  the  mea¬ 
surements  were  made  on  the  axis  of' the  blast  with  sensors  whose 
sensing  elements  faced  the  blast. 

i 

I  V  > 

In  the  case  of  the  Investigated  soil  in  the  formulae  (10) 


*.=0,32,  j»j“1,5. 

!  I  ! 

I 

The  results  of  measuring  the  Impulse  along  the  radii  originat¬ 
ing  from  the  center,  and  comprising  angle  <j>  with  the  axis  of  the 
blast,  indicate  that  with  an  increase  in  <J>  the  impulse  is  reduced. 

4  l 

l  * 

Within  the  range  of  change  0  <  4>  <  45°  in  the  first  approxima- 

!  “  " 
tion  one  .can  assume  that 

>  i  'I 

/(<p)=/(0)co*r.  (li) 

,  * 

i 

*  *  •  ,  i 

where  1(0)  .corresponds  to  the'  measurement  on  the  axis  of  the  blast 
determined  by  theisecond  of  the  formulae  (10). 

!  i 

*  .  , 


I 


i 


i 


With  an  increase  in  angle  <p  in  the  surface  zone  the  impulse 
just  as  the  pressure,  increases. 

The  above  examined  value  of  0  does  not  altogether  accurately 
characterize  the  duration  of  the  blast  wave  action  which  should  be 
taken  into  account  in  the  calculation  of  the  loads  on  the  obstacles, 
since  0  is  included  in  the  interval  of  time  during  which  p  is  small. 
In  addition,  0  is  determined  as  a  result  of  the  insignificance  of 
p  in  the  back  part  of  the  wave  having  large  errors.  Therefore,  it 
is  expedient  to  introduce  an  effective  time  action  0,  by  determin¬ 
ing  it  from  the  condition 


(12) 


Or  by  calculating  (6),  (7)  and  (10)  for  the  camouflet  blast, 
we  will  obtain 


0*  = 


2*, 


-(%-)' 


Hi— 1*« 


(13) 


and  for  the  surface  blast  the  4>  =  0  — 

e._  <«) 

From  the  experiments  it  follows  that  the  formulae  for  the  de¬ 
termination  of  the  parameters  of  the  wave  p,  0,  I,  corresponding 
to  the  surface  blast  and  the  axis  of  the  blast.  In  a  direction 
vertically  downward  (<t>  =  0),  can  be  obtained  from  formulae  for  a 
camouflet  blast  if  the  weight  of  the  explosive  charge  in  place  of 
C  is  taken  to  be  equal  to  0.3  C. 


Thus,  during  a  blast  of  an  explosive  charge  with  a  weight  C 
at  the  boundary  of  the  soil-air  media,  the  wave  In  the  soil,  going 
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ft 


downward  from  the  center  of  the  blast,  is  equivalent  to  a  wave  from 
a  camouflet  blast  produced  by  a  charge  with  a  weight  X^C.  For  the 
investigated  soil,  =  0.3. 

M.  A.  Sadovskiy  [3]  based  on  experimental  investigations  pro¬ 
posed  a  formula  for  determining  the  maximum  pressure  at  the  front 
of  an  air  shock  wave,  in  the  form 


Yc  Vv 

p= 0,76 — +2,55 — — r6,S 


(15) 


The  energy  liberated  during  the  blast  at  the  boundary  of  the 
air  with  the  two-dimensional  obstacle  made  of  a  non-compressible 
material  with  infinite  mass,  as  is  known,  fully  enters  the  process 
occurring  in  the  air.  The  parameters  of  the  air  wave  in  space,  in 
this  case,  can  be  obtained  from  formula  (15),  by  taking  the  weight 
of  the  explosive  charge  as  equal  to  2C. 

From  our  experiments  it  follows  that  during  the  blast  of  a 
charge  at  the  soil-air  boundary,  it  is  necessary  to  regard  the  soil 
as  a  non-compressible,  boundless  medium.  The  parameters  of  the  air 
shock  wave  therefore  can  be  calculated  according  to  the  formula  of 
M.  A.  Sadovskiy  for  a  boundless  medium;  however,  the  weight  of  the 
explosive  charge  should  be  taken  as  equal  to  X2C.  For  the  inves¬ 
tigated  soil,  X2  =  1.4. 

From  an  analysis  of  the  experiments  of  K.  Lempson  [4]  conducted 
on  various  sandy  and  clayey  soils  of  the  USA,  it  follows  that  during 
a  surface  blast,  X^  >  0.2. 

Thus,  experiments  on  various  unsaturated  soils  give  values 
close  to  X^.  During  the  experimentation  in  water  saturated  soils 
whose  compressibility  have  smaller  values,  the  value  of  will  be 
somewhat  smaller,  and  the  value  of  ^  -  larger. 
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Figure  6  shows  graphs  of  the  dependence  of  the  pressure  on 
the  distance  in  the  surface  area  corresponding  to  the  surface 
blast  using  a  charge  with  a  weight  C  =  1.6  kg. 


Fig.  6.  The  dependence  of  the 
pressure  on  the  distance  in  the 
surface  area,  corresponding  to 
a  surface  blast  of  a  charge. 


Curves  1  and  2  correspond  to  the  depth  of  the  sensors,  equal 
to  20  and  10  cm.  The  experiments  indicate  that  with  an  increase 
in  the  depth  the  value  of  the  pressure  is  reduced  in  all  the  inves¬ 
tigated  variations  of  the  orientation  of  the  sensors. 

The  results  of  the  conducted  investigations  make  it  possible 
to  propose  that  a  field  of  stresses  is  created  in  the  soil  as  a 
result  of  the  superimposition  of  two  waves.  One  is  propagated 
from  the  center  of  the  blast  through  the  soil  (primary  wave).  The 
second  is  caused  by  the  air  shock  wave  which,  in  passing  over  the 
surface  of  the  soil,  creates  a  secondary  compression  wave  in  it. 
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The  maxima  of  pressures  of  the  primary  and  secondary  waves  do 
not  coincide  with  time.  Based  on  the  distance  from  the  site  of 
the  blast,  the  pressure  created  by  the  primary  wave,  diminishes 
faster  than  the  pressure  of  the  secondary  wave.  Therefore  at  the 
greater  distances  from  the  site  of  the  blast,  only  the  effect  of 
the  latter  can  be  taken  into  account.  The  velocity  distribution 
of  the  air  shock  wave  exceeds  the  velocity  of  the  wave  in  the  soil.’ 
Therefore,  the  slope  angle  of  the  secondary  wave  to  the  surface  of 
the  soil  is  small.  In  the  fii-sl  approximation  it  can  be  assumed 
that  the  secondary  wave  moves  vertically  downward. 

In  the  area  under  the  charge  within  the  limits  of  angle  <  ^5°, 
one  can  consider  that  the  field  of  stresses  is  governed  by  the 
action  of  only  one  wave  passing  from  the  center  of  the  blast,  since 
the  secondary  wave  rapidly  expends  itself  with  depth,  and  its  effect 
in  this  area  hardly  needs  mention. 

Investigation  of  the  reflection  of  a  wave  against  an  obstacle 

This  involves  a  wave  produced  during  a  surface  blast,  reflected 
by  an  obstacle  which  is  located  in  the  soil.  The  obstacle  consists 
of  a  steel  plate  anchored  in  a  concrete  footing.  The  size  of  the 

p 

obstacle  by  design  is  4  x  J*  m  ,  with  a  height  of  1  m.  During  the 
blasts  as  measurements  indicated,  the  obstacle  did  not  shift.  The 
soil  beneath  it  had  those  same  physico-mechanical  characteristics 
as  in  the  experiments  for  the  investigation  of  the  propagation  of 
the  waves . 

The  charge  was  placed  over  the  center  of  the  plate  on  the  sur¬ 
face  of  the  soil.  Owing  to  the  large  size  of  the  obstacle  the 
flow-around  of  the  wave  did  not  have  an  effect  in  the  central  area. 

Prom  the  results  of  the  experiments  it  follows  that  the  pre¬ 
sence  of  a  plate  in  the  soil,  i.e.,  an  underlying  layer  with  a 
substantially  larger  acoustical  resistance  than  the  soil,  the 


m 


incident  wave  is  reflected  in  the  form  of  a  compression  wave.  In 
this  case  the  field  of  stresses  in  the  soil  under  the  charge  is 
the  result  of  the  superimposition  of  two  waves:  the  incident  and 
reflected  waves.  In  the  surface  area  around  the  explosive  charge  a 
field  of  stresses  is  produced  as  the  result  of  the  interaction  of 
the  three  waves:  that  going  out  from  the  center  of  the  blast,  that 
reflected  from  the  underlying  layer,  and  the  underground  wave,  pro¬ 
duced  by  the  air  shock  wave  passing  over  the  surface  of  the  soil. 

The  dependence  of  the  stress  on  the  time  appears  to  be  extremely 
complex,  since  the  waves  pass  through  the  examined  point  in  the  soil 
at  a  different  time,  along  different  directions,  have  different 
pressure  values  and  time  effects.  In  the  first  approximation  the 
field  of  stresses  can  be  determined  as  the  result  of  the  geometric 
complexity  of  the  fields  creating  each  of  the  waves. 

The  experiments  indicate  that  with  a  maximum  pressure  in  the 

p 

incident  wave  p^,  falling  with  the  range  of  1.5  to  2.0  kg/cm  ,  the 

maximum  load  acting  on  the  obstacle  in  the  investigated  soil,  con- 

2  2 

sists  of  A. 6  to  6.0  kg/cm  .  When  pr  equal  to  5-6  kg/cm  the  load 

p 

on  the  obstacle  reaches  1*1-17  kg/ cm  .  Thus,  the  reflection  coef¬ 
ficient  x  is  approximately  equal  to  3-  Consequently,  the  regular¬ 
ities  of  the  reflection  of  the  waves  In  sandy  soil  with  a  disturbed 
structure  differ  somewhat  from  the  regularities  linearly  character¬ 
istic  of  an  elastic  medium  when  x  *  2. 

Figure  7  shows  graphs  of  the  dependence  of  the  pressure  in  an 
incident  wave  produced  by  a  surface  blast  with  a  charge  C  =  1.6  kg, 
and  in  a  wave  reflected  from  an  obstacle. 

The  results  of  numerous  experiments  [1,  2]  indicate  that  in 
various  sandy  and  clayey  unsaturated  soils  of  a  natural  composition 
and  with  a  disturbed  structure,  the  coefficient  of  lateral  pressure 
kT  has  different  values:  from  0.25  to  0.6.  In  each  soil  within 
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P,  Kg/ CM* 


Pig.  7.  The  depen¬ 
dence  of  the  pres¬ 
sure  in  an  incident 
wave  produced  by  a 
surface  blast  using 
a  charge,  and  in  a 
wave  reflected  from 
an  obstacle. 


2 

the  investigated  range  of  pressures :  from  2-3  to  40-50  kg/cm  — 
during  surface  and  camouflet  blasts  k^  changes  slightly  and  in  the 
first  approximation  can  be  taken  as  a  constant. 

Let  us  find,  based  on  constancy  kT,  the  condition  of  plasticity 
of  unsaturated  soils. 


S.  S.  Grigoryan  [5]  proposed  a  model  of  the  soil  according  to 
which  the  intensity  of  the  shear  stresses  during  the  plastic  state 
of  the  medium  determined  by  the  second  interval  of  the  deviator  of 
the  tensor  of  stresses,  is  a  certain  function  of  the  average  stress 
(the  Mises-Schleicher  condition  of  plasticity  [6]). 


The  form  of  this  function  is  found  from  the  experiment. 


In  the  case  of  wave  movement  with  a  planar  or  spherical  front 
we  will  have 


3.V«p,+2/»t;  3/j= — (pr~~Pr  )*• 
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Prom  the  condition  of  constancy  kr,  let  us  find  the  function 
of  plasticity  in  the  form 


/('V)=  -  -±-(p,-p_  )* - 3 
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